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Specification 

Microwave Plasma Sterilizing Method and Device 
Field of the Invention 

This invention relates to a sterilizing method and device. Specifically, this invention relates to a 
sterilizing method and device using microwave plasma for disinfection and sterilization of medical 
instruments contained in resinous packages and for sterilization of foods in packages and bags for 
foods. 

Background Art 

Conventional disinfection and sterilization methods for medical instruments and disinfection 
methods for foods in packages and bags for foods include dry-heat sterilization, steam under 
pressure sterilization, radiosterilization, ethylene oxide gas sterilization and plasma sterilization. 

Dry-heat sterilization uses high temperatures of 160 to 180 °C or above and this application is 
limited to metal and glass products. Sixty minutes are required to complete dry-heat sterilization. 
Steam under pressure sterilization also uses high temperatures and these applications are also limited 
to metal and glass products. Twenty minutes are required to complete steam under pressure 
sterilization. Moreover, this method cannot be used for humidity-sensitive materials (such as paper). 
Radiosterilization has the risk of a health hazard to the human body. Radiosterilization is not 
effective to areas where the radiation does not reach. Ethylene oxide gas sterilization requires very 
careful handling due to the toxicity and flammability of the gas used. The difficult disposal of 
residual materials after sterilization also poses a problem. 

Various plasma sterilization techniques have been announced including, for example, the Publication 
of Unexamined Utility Model Application No. 57352-1994 and the Publication of Unexamined 
Patent Application No. 135571-2003. In principle, most of them use a high temperature to sterilize 
and as such involve handling problems. Some techniques use inert gases such as argon gas and 
chlorine gas in vacuum to generate gas plasma using a high-frequency power supply to sterilize the 
target objects. Chlorine gas is toxic and plasma occurs on the surface of the discharging electrode, 
and is not effective. 
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As described above, conventional plasma sterilization techniques use surface-wave plasma. The 
inside of a package is difficult to sterilize and as such sterilization is limited to the exterior of the 
package. These techniques are not applicable to resinous medical instruments such as catheters and 
injection devices and medical instruments that require sterilization of their insides such as vacuum 
tubes for drawing blood. The objects that can be sterilized are also limited due to thermal problems 
related to plasma irradiation. Other sterilization methods have various limitations and hazards due to 
their use of high temperature, high pressure and toxic gas. There has been a growing demand for a 
sterilization method that uses low temperature, low pressure and safe procedures and is capable of 
high-speed sterilization. 

Disclosure of the Invention 

This invention provides a plasma sterilization method and device using volume-wave plasma excited 
by microwave pulses in, for instance, oxygen gas in place of conventional surface-wave plasma. 

To attain the above objective, the first invention of this application provides a microwave plasma 
sterilizing method wherein plasma is generated inside the object being sterilized by performing 
microwave-excited volume-wave plasma discharge in the gas that produces an active species with a 
sterilization effect in the presence of plasma, and said generated plasma is used for sterilizing the 
object. 

The second invention provides a microwave plasma sterilizing method wherein plasma is generated 
inside the object being sterilized by microwave-excited volume-wave plasma discharge and said 
plasma is used for sterilizing the object. 

The third invention provides a microwave plasma sterilizing method wherein plasma is generated 
inside the object being sterilized by microwave-excited volume-wave plasma discharge in a mixture 
of helium gas and oxygen gas and said generated plasma is used for sterilizing the object. 

The fourth invention provides a microwave plasma sterilizing method wherein plasma is generated 
inside the object being sterilized by microwave-excited volume-wave plasma discharge in the 
mixture of argon gas and oxygen gas and said generated plasma is used for sterilizing the object. 

The fifth invention provides a microwave plasma sterilizing method wherein plasma is generated 
inside the object being sterilized by microwave-excited volume-wave plasma discharge in the 
mixture of oxygen gas and nitrogen gas and said generated plasma is used for sterilizing the object. 
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The sixth invention provides a microwave plasma sterilizing method wherein plasma is generated 
inside the object being sterilized by microwave-excited volume-wave plasma discharge in the 
mixture of 1 part oxygen gas and 4 parts nitrogen gas and said generated plasma is used for 
sterilizing the object. 

The seventh invention provides a microwave plasma sterilizing method wherein plasma is generated 
inside the object being sterilized which packed in a perforated resinous package by 
microwave-excited volume-wave plasma discharge in the gas that produces an active species with a 
sterilization effect in the presence of plasma and said generated plasma is used for sterilizing the 
object. 

The eighth invention provides a microwave plasma sterilizing method wherein plasma is generated 
inside the medical instrument packed in a perforated plastic package by microwave-excited 
volume-wave plasma discharge in the gas that produces an active species with a sterilization effect in 
the presence of plasma and said generated plasma is used for sterilizing the object. 

The ninth invention provides a microwave plasma sterilizing method wherein plasma is generated 
inside the object being sterilized by pulsed microwave-excited volume-wave plasma discharge in the 
gas that produces an active species with a sterilization effect in the presence of plasma and said 
generated plasma is used for sterilizing the object. 

The 10th invention provides a microwave plasma sterilizing device comprising a microwave 
generator for outputting pulsed microwaves, a vacuum chamber with a gas inlet, an outlet for a pump 
and for opening and closing the plates, wherein the microwave inlet for introducing the microwaves 
and a microwave launcher of a sandwiched structure where the quartz plate for generating the 
volume-wave plasma is sandwiched by a stainless steel perforated plate are arranged on one side in 
said vacuum chamber, and a movable metal plate is arranged opposite to said microwave launcher 
on the other side in said vacuum chamber, and wherein the object being sterilized is placed between 
said microwave launcher and said movable metal plate. 

The 11th invention provides a microwave plasma sterilizing device comprising a microwave 
generator for outputting pulsed microwaves and a vacuum chamber with a gas inlet, outlet for a 
pump and for opening and closing the plate; wherein the microwave inlet for introducing the 
microwaves and a microwave launcher of the sandwiched structure where the quartz plate for 
generating volume-wave plasma is sandwiched by a stainless steel perforated plate are arranged on 
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one side in said vacuum chamber, and a movable metal plate is arranged opposite to said microwave 
launcher on the other side in said vacuum chamber; wherein said movable metal plate is connected 
to an elevating means to allow vertical positional adjustment and wherein the object being sterilized 
is placed between said microwave launcher and said movable metal plate. 

Effects of the Invention 

According to the microwave plasma sterilizing method and device of this invention, volume-wave 
plasma excited by microwave pulses using, for instance oxygen gas, is used in place of the 
surface- wave plasma used in conventional plasma sterilizing methods. It is possible to sterilize the 
inside of a package, and the inside of resinous medical instruments such as catheters, injection 
devices and vacuum tubes for drawing blood. The thermal problem caused by plasma irradiation is 
solved by using pulsed microwave, thereby avoiding any material change of the object being 
sterilized. This invention provides a sterilizing method and device capable of low-temperature, 
low-pressure and safe sterilization with high-speed processing time. The ultraviolet sterilization 
effect of nitrogen gas is added to the effective sterilization effect of etching due to oxygen radicals 
because a mixture of oxygen gas and nitrogen gas is used and introduced to the vacuum chamber. 
Furthermore, it is noteworthy that an effective sterilization effect is expected in a gas of a mixing 
ratio close to that of air. 

The sandwiched structure of the microwave launcher, where the quartz plate is sandwiched by a 
stainless steel perforated plate, enables volume-wave plasma discharge. The thermal problem caused 
by plasma irradiation is solved by using pulsed microwaves, making it possible to sterilize objects 
inside packages. 

Brief Description of the Drawings 

Figure 1 is an explanatory drawing of the microwave plasma sterilizing device of this invention. 
Figure 2 is an explanatory drawing of a working example of the microwave plasma sterilizing device 
of this invention. 

Figure 3 is an enlarged view of the microwave launcher of the device of this invention. 

Figure 4 is an explanatory drawing of another working example of the microwave plasma sterilizing 

device of this invention. 

Figure 5 is a diagram showing the spatial distribution of electron density in volume-wave plasma. 
Figure 6 shows the survival curve for spores in oxygen gas. 
Figure 7 shows the survival curve for spores in nitrogen gas. 
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Figures 8 and 9 show the survival curves for spores, Parts 1 and 2, respectively, in a mixed gas of 
oxygen gas and nitrogen gas. 

Best Mode for Implementing the Invention 

The embodiments of this invention are described below referring to the accompanying drawings. 
Figure 1 shows a part of the microwave plasma sterilizing device of this invention. This figure is an 
explanatory drawing that describes plasma generation. The microwave inlet for introducing 
microwaves (coaxial waveguide) and a microwave launcher for generating volume-wave plasma are 
arranged on one side (the lower side in the figure) in the vacuum chamber, while a movable metal 
plate is arranged opposite to the microwave launcher on the other side (the upper side in the figure) 
in the vacuum chamber. 

Said microwave launcher has a sandwiched structure where the quartz plate is sandwiched by a 
stainless steel perforated plate. Said movable metal plate is connected to an elevating means (not 
shown) that allows vertical positional adjustment. Said perforated plate is perforated with many 
holes of a specified diameter. 

Microwaves are introduced from an external microwave generator (not shown) into the microwave 
launcher in the gas that produces an active species with a sterilization effect in the presence of 
plasma, such as in oxygen gas, a mixture of helium gas and oxygen gas, a mixture of argon gas or 
oxygen gas. The spatial distribution of the electric field intensity is controlled by setting the position 
of the metal plate arranged opposite to said microwave launcher to difluse the volume-wave plasma 
discharge to the entire inner space of the vacuum chamber by the microwave leaking through the 
holes in the perforated plate. 

This volume-wave plasma discharge is used to generate plasma inside the object being sterilized to 
effectively disinfect and sterilize, for example, medical instruments packed in resinous packages and 
to sterilize foods inside packages, and packages and bags for foods. 

The embodiments of the microwave plasma sterilizing device of this invention are described below 
referring to Figs. 2 through 5. 
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Working Example 1 



Figure 2 shows a working example of the microwave plasma sterilizing device of this invention. 
Figures 2 and 3 illustrate and identify stainless steel cylindrical vacuum chamber 1, gas inlet 2, oudet 
3 for the pump, upper and lower opening and closing plates 4, microwave launcher 5, movable metal 
plate 6, coaxial waveguide 7 for introducing microwaves from an external microwave generator (not 
shown), probe 8 for detecting the condition of the vacuum chamber, perforated plate 9, many holes 
10 of a specified diameter perforated through the perforated plate, quartz plate 11, and vacuum seal 
12. 

The stainless steel cylindrical vacuum chamber 1 of this working example is 500 mm high and has 
an inside diameter of 250 mm. An aluminum microwave launcher 5 is arranged in the vacuum 
chamber 1. A movable metal plate 6, 220 mm in diameter, is arranged opposite to the microwave 
launcher 5. The movable metal plate 6 is connected to an elevating means (not shown) to allow 
vertical positional adjustment. 

Figure 3 is an enlarged view of the microwave launcher 5. The microwave launcher 5 has a 
sandwiched structure where the quartz plate 11, which is 8 mm thick and has an inside diameter of 
220 mm, is sandwiched by a stainless steel perforated plate 9. The holes 10 through the perforated 
plate 9 are 2 mm or 8 mm in diameter. Many holes are drilled through the perforated plate 9. The 
microwave launcher 5 and the coaxial waveguide 7 are sealed by vacuum seals 12. 

A 2.45 GHz microwave oscillator (not shown) with 1.5 kW output transmits microwaves to the 
microwave launcher 5 after coaxial conversion at the coaxial waveguide 7. In this working example, 
we used He gas at 1.2Torr gas pressure to generate plasma. The temperature rise of the vacuum 
chamber 1 is controlled by converting microwaves from the microwave oscillator into pulses and 
controlling the pulse time interval while monitoring the internal temperature of the vacuum chamber 
with the probe 8. 

We adjusted the shape of the plasma discharge by changing the distance between the microwave 
launcher 5 and metal plate 6 and by varying the diameter of the holes of the perforated plate 9. We 
then optimized the plasma generation by controlling the spatial distribution of the electron field 
intensity. We confirmed that the volume-wave plasma discharge was diffused to the entire inner 
space of the vacuum chamber due to the microwaves leaking through the holes in the perforated 
plate when we adequately adjusted the microwave launcher 5 and the metal plate 6. 
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Working Example 2 



Figure 4 shows another working example of the microwave plasma sterilizing device of this 
invention. The figure depicts the structure of the vacuum chamber of a large-area plasma device. The 
reference numerals are the same as used in Figs. 2 and 3. The stainless steel cylindrical vacuum 
chamber 1 is 350 mm high and has an inside diameter of 600 mm. The microwave launcher 5 is 
suspended from above in the vacuum chamber 1 . The quartz plate 1 1 is 10 mm thick and has a 
diameter of 500 mm. The diameter of the holes 10 through perforated plate 9 are 4 mm, 6 mm or 10 
mm. 

A 2.45 GHz microwave oscillator (not shown) with 1.5 kW output transmits microwaves to the 
microwave launcher 5 after coaxial conversion at the coaxial waveguide 7. In this working example, 
we used Ax gas at 74 m Ton* gas pressure to generate plasma. As we increased the incident power 
from 0.2 kW to 1 .5 kW, plasma was generated at the center of the launcher 5 and gradually expanded 
around the launcher's periphery. As shown in Fig. 5, the spatial distribution of the electron density in 
volume-wave plasma is strong at the center of the launcher 5 and gradually decreases at distances 
farther away from the center. 

An object to be sterilized that was packed in a resinous package was put on the metal plate 6 of the 
microwave plasma sterilizing device as described above and placed at the center of the cylindrical 
vacuum chamber 1. The test samples for sterilization were Bacillus subtilis and Bacillus 
stearothermophilus, the two most powerful hay bacilli. We found that the number of spores 
decreased considerably by plasma irradiation. 

The results of our sterilization experiments using plasma irradiation with different gas types are 
reported below. 

A sample consisting of Bacillus stearothermophilus with a population of 3.0 x 10 6 was placed on the 
centerline of the quartz plate in the vacuum chamber and 20 cm (z axis) away from the quartz plate. 

(1) Sterilization in Oxygen gas 

Oxygen gas (100%) was introduced into the vacuum chamber at 60 to 70 mTorr gas pressure and 
100 seem flow rate. Plasma was generated under 750 W incident power and this plasma was used to 
generate active species with a sterilization effect in the presence of the plasma. The survival curve 
for spores in the oxygen gas in this experiment is shown in Fig. 6. 
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In Fig. 6, the number of surviving spores gradually decreases and infinitely approaches zero at 
longer plasma irradiation periods. The results of multiple experiments show that the number of 
surviving spores converges on the area between the upper and the lower dotted lines, h and /, 
respectively. The decimal value (D value = the amount of time required for reducing the population 
number by one decimal place) was 24 to 34 sec. It is considered to be the effect of sterilization by 
etching due to oxygen radicals. 

(2) Sterilization in Nitrogen gas 

Nitrogen gas (100%) was introduced into the vacuum chamber at 60 to 71 mTorr gas pressure and 
100 seem flow rate. Plasma was generated under 750 W incident power and this plasma was used to 
generate active species with a sterilization effect in the presence of the plasma. The survival curve 
for spores in the nitrogen gas in this experiment is shown in Fig. 7. 

In Fig. 7, the number of surviving spores gradually decreases and infinitely approaches zero as 
longer plasma irradiation periods. The results of multiple experiments show that the number of 
surviving spores converges on the area between the upper and the lower dotted lines, h and /, 
respectively. The decimal value (D value = the amount of time required for reducing the population 
number by one decimal place) was 26 to 34 sec. It is considered to be the effect of sterilization by 
ultraviolet rays generated by nitrogen gas. 

(3) Sterilization in a Mixture of Oxygen Gas and Nitrogen gas - Part 1 

A mixture of 1 part oxygen gas and with 9 parts nitrogen gas was introduced into the vacuum 
chamber at 60 to 73 mTorr gas pressure and 10 seem and 90 seem flow rate for oxygen and nitrogen, 
respectively. Plasma was generated under 750 W incident power and this plasma was used to 
generate active species with a sterilization effect in the presence of the plasma. The survival curve 
for spores in the mixed gas in this experiment is shown in Fig. 8. 

In Fig. 8, the number of surviving spores gradually decreases and infinitely approaches zero at 
longer plasma irradiation periods. The results of multiple experiments show that the number of 
surviving spores converges on the area between the upper and the lower dotted lines, h and /, 
respectively. The decimal value (D value = the amount of time required for reducing the population 
number by one decimal place) was 18 to 26 sec. It is considered that the effect of sterilization by 
ultraviolet rays due to the nitrogen gas is added to the effect of sterilization by etching due to oxygen 
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radicals. 



(4) Sterilization in a Mixture of Oxygen Gas and Nitrogen gas - Part 2 

A mixture of 1 part oxygen gas and 4 parts nitrogen gas was introduced into the vacuum chamber at 
60 to 70 mTorr gas pressure and 20 seem and 80 seem flow rate for oxygen and nitrogen, 
respectively. Plasma was generated under 750 W incident power and this plasma was used to 
generate active species with a sterilization effect in the presence of the plasma. The survival curve 
for spores in the mixed gas in this experiment is shown in Fig. 9. 

In Fig. 9, the number of surviving spores gradually decreases and infinitely approaches zero at 
longer plasma irradiation periods. The results of multiple experiments show that the number of 
surviving spores converges on the area between the upper and the lower dotted lines, h and /, 
respectively. The decimal value (D value = the amount of time required for reducing the population 
number by one decimal place) was 13 to 26 sec. It is considered that the effect of sterilization by 
ultraviolet rays due to nitrogen gas is added to the effect of sterilization by etching due to oxygen 
radicals. Importantly, an effective sterilization effect is observed in a mixed gas of nearly the same 
gas mixing ratio as air. 

Industrial Applicability 

As detailed above, the microwave plasma sterilizing method and device of this invention are 
applicable to the disinfection and sterilization of medical instruments that require sterilization of the 
inside of an instrument such as metal medical instruments including catheters and injection devices, 
glass and resinous medical instruments and vacuum tubes for drawing blood. The microwave plasma 
sterilizing method and device of this invention are further applicable to the sterilization of foods 
packed in perforated packages for foods and bags (currently with the exception of liquids). 
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